Chloro-substituted acetic, propionic, and isobutvric acids constitute a class of compounds which in recent ytears hav-e demonstrated considerable potential use for the control of a number of weedy grasses in several weed-crop situations. The structural similarityr of these compounds to propionic and acetic acids makes it seem probable that their phvtotoxicity might re-sult, in part, from interference with pantothenic acid synthesis. Such an effect has been demonstrated with the two unchlorinated acids by King and Cheldelin (1) using east as a test organism. Their results led to the conclusion that "propionate inhibits growth by competing with 8-alanine for attachment within the yeast cell, thereby preventing the coupling of the pantothenic acid moieties."
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In the experiments reported herein, an investigation has been made of the interactions of 8-alanine and several chlorinated aliphatic acid herbicides on the growth of y-east using the technique of King and Cheldelin.
Saccharomyces cerevisiae, isolated from the center of a cake of baker's yeast (Fleischmann's) was inoculated onto 2 % agar nutrient medium containing the same major inorganic salts as used by King and Cheldelin (1) but with 2.5 g yeast extract (Difco) 13, 1957. 43 cidles. These two concentrations of fl-alanine were consequently selected for u.se throughout the present studies.
The herbicidal chemicals,2 obtainecl Zts purified acids, were dissolved in sterile water and the solutions w-ere adjusted to the pH of the medium w-ith sterile NaOH. These solutions were added aseptically to the sterile culture tubes immediately before inoculation. The acids usedl in these stuidies, their abbreviated de>-ignations, and purities were as follows: 2,3,3'-triehloroisobutyric acid (TCIB), 90 % [impurities of 2,3,3-trnchloroisobutyric and 2,3-dichloroisobutyric acidsl; 2,3-dichloroisobutyric acid (DCIB), chemically pure; 2,2,3-trichloropropionic acid (TPA), 99+ %,; 2,2-dichloropropionic acid (dalapon), 99+ %; and trichloroacetic acid (TCA), USP. E-idence was obtained for protection by fl-alanine against each of the five herbicides tested. The most definite suggestion of competition between herbicide and metabolite was observed with the chlorinated isobutyric acids. A positive test for a competitive relationship between TCIB and 13-alanine (fig 1) was obtained in an analysis of data by the mliethod of Lineweaver and Burk (2). Pantothenic acid was also found to be effective as an antagonist of TCIB.
In comparative studies TCIB was found to be slightly more inhibitory than DCIB. In the presence of 0.2 ,g of p-alanine TCIB caused 50 %c inhibition at 3 to 6 x 104 AS, while ca. 103 M DCIB was required to produce the same dlegree of inhibition. At the higher metabolite concentration.s (200 ug of al-alanine or 10 ,ug calcium pantothenate), TCIB at 5 to S X 10-3 AI reduced growth by 50 % and at 10-2 M generally gave complete inhibition. DCIB, however, at concentrations below 10--2M consistently caused less than 25 % inhibition in the presence of the higher concentration of 8-alanine. At its high concentrations, therefore, 8-alanine more readily overcame the inhibitions caused by DCIB than those produced by TCIB.
Evidence for a protective action by ,B-alanine against the growth inhibitory actions of unchlorinated isobutyric and n-butyric acids was observed with some cultures; however, results between experimeints w-ere natedl acetic acid was more inhibitory than TCA and was more readily antagonized by ,B-alanine.
The inability of high concentrations of ,B-alanine completely to reverse the inhibitions produced by this class of compounds suggest that physical or chemical processes other than the fl-alanine pantothenic acid reaction(s) may be involved in the mechanisms of action. Nevertheless, the utilization of fl-alanine appears to be the most sensitive metabolic process involved under the experimental conditions employed; the enzymes involved in pantothenic acid synthesis should be investigated as a possible important site of action of these herbicidal compounds. Further investigations on this mechanism of action and its relative importance in species selectivity are in progress and will be the subject of future reports from this laboratory. SUMMARY Inhibition of yeast growth by chloro-substituted isobutyric, propionic, and acetic acids has been observed. An exogenous supply of 8-alanine has been shown to produce varying degrees of protection against these inhibitions.
The results obtained suggest that these herbicides interfere with synthesis of pantothenic acid, presumablv by competition with ,p-alanine. . We now report a paper chromatographic method for separation of these plant growth stimulators.
LITERATURE CITED
Takahashi et al (2) reported the use of the upper phase from various mixtures of benzene, acetic acid, and water for paper chromatography of a preparation of gibberellin A using BPB (which we assume to be bromphenol blue) as an indicator. They reported gibberellin A to be immobile in all these mixtures. Phinney et al (3) using four different solvent systems reported that they were unable to separate the gibberellins in any of the four systems.
We have found that the upper phase of a mixture of 10 vol of thiophene-free benzene, 2. ing a hole for addition of solvent. The inside wall of the jar is lined with a filter paper cylinder, the bottom edge of which is immersed in the lower phase of the solvent mixture in the bottom of the jar. The liner should be allowed to become completely wet before using the jar for chromatography. Once prepared, a jar can be used many times. After development the chromatogram is removedI from the jar and is dried at room temperature. When dry, it is sprayed lightly with a 0.5 % aqueous solution of potassium permanganate. Gibberellin A and gibberellic acid are revealed as yellow spots on a reddish-purple background. The spots are quickly sprayed with more permanganate and the chromatogram is immediately washed in running tap water to remove the unreacted permanganate. The locations of the gibberellins are detected as permanent brown spots on an almost white background. Figure 1 is a photograph of a typical chromatogram treated in the above manner showing the separation of the gibberellins achieved with this solvent system. Gibberellic acid may also be detected on chromatograms not reacted with permanganate, or sprayed only very lightly with permanganate, by its reaction with sulfuric acid to produce a fluorescence under ultraviolet light. This may be done with concentrated sulfuric acid as reported by Phinney et al (3) or by rapidly dipping the paper in 70 % sulfuric acid and quickly laying it flat on a glass plate. A chromatogram treated with the 70 % sulfuric acid shows yellow-green fluorescent spots instead of the blue fluo-4.5a
